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Abstract

In case of the longerm operation of pipelines under the influenceatiernating loads and degradation of sel
characteristics of material there originate redidtr@sses and strains that can lead to the lo$s loéaring capatgi in pipes. On
of the ways to increase the structural strengtipipélines is to strengthen the pipe by banding.ctvhiesults in the need
develop methods for calculating the structural petars of the pipeline — bandage system. This pagsentsa mathematici
model to estimate the strength of the pipeline-casitp bandage systefmased on the improved theory of thin shells \étdparc
to shear and compression pliability of materiale Bolution allows us to simulate the stress sthgefimitedength pipeline bast
on the given original characteristics of the pipeaterial, composite, operational loads and effects

Key words:bearing capacity, composite bandage, residual strains, stress state.

We apply the equation of the refined Tymoshenk
shells theoryto study the stress state of the pipe wit
residual strains caused by some factors taking ir
account shear and compression pliability of malt¢tia
The circular cross sectiguipe with the wall thickness
2h is simulated with a finite cylindrical shell ofe&h
radius R, and its median surface is attributed to th
lines of curvaturea; and a, (in this case they are
generating and directing lines of the shell).He future
we will use dimensionless coordinatesa, ¢
(a=a, is a dimensionless length of the generatri
@ =a, is the central angle of the arc of the directin
line). The axisz is directed towards the outer normal tc
the mid-surface. The origin of coordinates is deha

the tube (Fig. 1) in the localized area of residitiains.
Due to a priori knowledge of its qualitive behavio
there can be used a semi-empirical model. In th&ec

0 -0 -0 _A 0 _p0 0 __0
E1p = Ex3 = E13=0, &1y =Kep,, €5 = E34(a),

the distribution of residual strains along axs of the £9 = (el + €35) = —(L+K)£D,, ki =0. 1)
cylindrical shell can be assumed as symmetricad, an Indices 1, 2, 3 correspond to the coordinate axes
therefore a,4.2. The valuess], ki of the formula (1) mean the

average components of the distortion tensor [1pyTh
are calculated as follows:

h
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The function ¢/(a), which describes the area of _ E E. = E,
residual strains, is set in the following way 107 1-Vi\pq 207 1-ViVoy |
w(@)=1-a(@/b)? - (L-a)a /b)* 0<a<b, (2) Eso= S UV ) )

1-Vop — Va3 —Vodap ~ 2Va¥idi3’

b= VadiotVaz By = VoMg+Vas By
1-vipvoy B 1-vivo; Eg

. In case of transversely isotropic material the
dimensionless axial coordinategs, is the maximum expressions (7) for the elastic constants get siiegl
residual strainsa, k are some stable paramete®$,is and take the following form:
the shell lengthl, =1 /R _ ' ' Eyo = Eyp= Efiz, "

When deriving the basic equations we give 1-v

where b is a relative half-width of the area of residual
strains. The function ig/(a) =0 in the aredb<a <L.

We apply the following symbols:a =x/R is a

components of a complete stragj (i, j = 123) in any E-FE E.—F. = 1-V)E
point of the shell in the following way [2]: ST O VoW PEIE @
g =ef +ef, ®) P
1 =M =A==
Wheree,(j) are components of a residual strain tensﬁr, El-v
are components of additional strain tensor thatrens G3=Gx=G,G,=G :L.
the continuity of components of a complete straimsor _ _ . 2(1+v) _
e; and they are related to components of the strain For the isotropic material based on (8) we obtain:
; ; ' ' . E
tensorgj; by the relationships of Hooke's law. E =E,v=v,G =G= 20+v)
In case of orthotropic material and according ® th E . A1-v)E 9)
accepted model these relationships are the folip\yih Eg = L A= v , Eg = .
1 1 1-v2 1-v @L+v)1-2v)
=0y -2y, -M5. fi=~ 0o , ,
1" g, 2 g, BB, ® If the chosen approach [1] i§0,4 we obtain

o Vo1 1 Vo3 o 1 correlations for determining the stress state gfige
€2 = B 011+E_022_?033’ €3 :G—Uzs, (4)  caused by residual strains. Balanced equations theve
1 2 3 23 following form:

e V31 V32 1 e 1 P P)
By =01 ——2 09 +— O =—01o. - _
33 11 22 33: &) 12 — N;+— Ny, +2Roy =0,
El E2 E3 G12 da 1 9 12 1
Due to the symmetry the following dependencies 9 0 ~
are performed for the coefficients of equations (4) ﬁ Ny +£ Nio+Qy +2Ro; =0,
Eovay = Egvay, Egvgy = Eqviz, Egvap = Epvps.
. _ iM1+iM12—RQ+2R(71+ =0, (10)

Let us write the dependence (2) in another form: oa 0¢
0y, = Eyo(ef] +V12€5,) + A, 033 = Gygels, % M, + 6% M, - RQ, + 2hRa3 =0,

0'22 = Ezo(egz +V2]_ef1) +/]2, O33= 62361?31 (5) 0 0 _
a_Ql+—Q2—N2+2RU3 =0.
a

0'33 = E30(e§3 +/116f1 +/12e§2), O1p = Glzefz. - a¢ . )
Therefore as a result of substitution of (1) ird ( In this case, the ratio for the generalized efforts
we obtain Ni, N, N, Qi, Q,, and momentsi;, M, Mg,
_ 0 0 (characteristics of the state of stress of the feidd
011 = Bio(€11 + V128y5) + h033~ Eao(€1+ V12822), surface) are the following:
0,,=E +V + Ao0an = Enp(€9, + Vo £2), ou ov
22 = E20(€xp+V21811) + 42033 ) 20(9202 zfzu) N :%(5 +V12%j 2h/‘10§‘31(€f)1 0y 2582)'
033=Eaq(€33+ A€ 1 + 4065)) ~ Ezo(€33+ Afl1 + 1652), (6)
ov ou -~ 0 0
0,,=G - Gqae,, N=§—+v—+2h/l - (5 +v ])
13 = 613813 ~ L1363 271 (a¢ 1zan 203 ~Bai\e22+Vofr
0
O3 = G23823 ~ G23823,
o M, = ih(% +V12%J +E/]1h20'§ - Dl(k101+ VZi(&),
01, =G12812 ~Gro8r2. R \oa ¢) 3
The following symbols are applied here: Doh( dys ). 2,,2 - ( 0 0],)
Mp=—2- £+V21% 37405 ~Dallor +vatqy),
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Dis(0u  adv 0

Nip =—2| ——+—— |~ Dyo€ry,
12 R(aqp an 12712
0
J"D12k12*

_ Dioh (MJraVz
low) 2
Ql_/\l(yl"'__j ~hoy

Jda

R o]
' (11)
Roa) 3
1 GW 2 + r 0
+—— |——ho, —A5&,,,
Qo = [Vz R0¢j 3192 ~N2éy
where
2E;h
1-vipVay

2E,h
1-vipVay

=

Dl ZE Blh, D2 =1 Bzh,
3 3 (12)

1
Bio =2hGyp, Dy = 3 Bioh,

2 2 5
A1 =—hk'Gy3, A5 =—hk'Gys, k'=—.
173 13 2773 23 6

The upper index +' or correspond to the

external and internal surfaces of a pipe.

is attached to the shell. In a certain case it thas

following form:
d B
®(a) = [a (5291 + Vfgz),oyw(fgz + 5101)} (15)

The system of differential equations (13)
calculated under the the following boundary coodis

dw

U=0,y=0—=0 (a=0),
0=0,y=0,_~=0 (a=0)
~_q Y _ aw _ _
W=0, =0y 0 (a=L).

If @ =0 symmetry boundary conditions are met,
and if @ =L free edge boundary conditions are met.

Comprehensive consideration of residual strains
during calculation of the stress-strain state dietu
(cylindrical shells) by analytical methods is an
extremely difficult task [2—4]. To assess the intpat
residual strains upon the stress state of a pipapply a
developed numerical and analytical method for sgjvi
linear boundary problems in case there are syst#dms
ordinary  differential equations with  constant
coefficients [5]. Under the conditions of a given
distribution of residual strains the formulated ldem

The ratio is obtained in the same way as in thean be solved as the boundary problem (13), (15).

monograph [2] for the shells with finite-slidingfiiess,

According to the scheme of the method we present th

the stress state of which is caused by the giveystem of differential equations (13) in Cauchy nairm

distortion tensor. lfo;” =0 or o; =0 (i =1,2,3) we
obtain a key system of equations for cylindricadlih

the stress state of which is caused by the disturb

(defective) stress-strain state on the basis of &l

(11). In axisymmetric case (the values are independ
of the variableg,v =0,y, =0) the system takes the

following form for a given distribution of residual

strains (12):

d’t [(d?w)_d
— Y| —
da? da da
d?y RZA'(  dw)_
- y+—|=
Dh da

2 _
- +Q"E[W+Vg_;) =%(5g2 +V‘9101)'

0 0
(511 +tVve 22)

05

(13)

da?
daz da A’

form:
(;j_;: (g)+¢‘(0’),
where
) T du dy dw
Z—(Z]_rZZ""’ZG) [U I da’ da’ daj

®(a)=(0000, f;(a), f,(a))

)
() -(kw)gg[%m%aﬂ, (16)
B

fo(a)= x(1+vk)£o¢( a) if0<a<b,
f1(a)= fo(a)=0 if a>b.
Matrix A=[aij ] i,j =15 of the system (16) has
only nonzero elements defined by geometric andielas

where T = u/(Rgf,) W= W/(Rga) are dimensionless characteristics of the shell:

values of axial and normal displacement of a she
y=y1/£6 is a turn angle of the normal element to it

mid-surface.
The valuesB, D, A" from (13) for the isotropic
material are determined by the following formulas:

2
B= 2EhZ’ __2h =—18h,
1-v 3(1-v?)
(14)
':E = Eh
3 3(1-v)’

whereE, v are the elastic modulus and Poisson's ratio.

It should be noted that the system (13) i

equivalent to the corresponding system of a pow

problem, if we assume that a dummy load vemﬁa)
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8, T8, = ag=La,= Vv,
RN _ _B B 17)
3, _aSG_E’a%_F’aM /\,V 18 gs= -1

Based on the symbols from (17) we can show the
conditions (14) in the following way:
71=0,2,=0, 25 =0 (a:O),
z3=0, z5; =0, 22+26=0(a=L). (18)
Having applied a numerical and analytical method

[6], we obtain an approximate solution of a bougydar
problem (16), (18) in an analytical form:

7(a) quk I[gw r

i=12,..,6

(1)+gs(a-1) f,(7)]dr,

(19)
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The functions of gjj(a) are the elements of a finding the solution by the offered method is tizene

matrizer that are defined by the elements of thgima for any distribution of residual strains in the qip

of the system (16). We apply the classic method of According to the chosen theoretical model and the
e Sy S bply the way of the disturbed (defective) stress-strainestae
matrizer approximation by the matrix row accordiong ; . .
! make the calculation of stresses in any point efgiipe
the following formulas

by the following formulas:

k
a
gi(a) =1+ alf) T, 5@ =2 v 2 Y 24 150, 2) - (k+ V@),
k=1 (20) da Rda
M ko _ o (du_hdy_)_
9ij (“):kzai(lk)% (i#5,j=12..6) 722 Z)_WW[EJ’EE Z) (23)
=1 )

~(A+vk)}p (@) + Ao (a,2),
where ai(k) are the elements of a matu , M is the .

! _ . _3E, _ du  _
number of elements in a row of a matrix tha 033(a@,2)=— (- 22)(A(d—+wj—(1—/1)(1+ kw(a) |,
approximates the matrizer while numerical calcalati Bo a

Unknown constants in a formula (19) are define _ . 5 dw @ _2)
from the system of linear equations, obtained eesalt 013(0.7) :g(l—v)(y+aj )
of meeting the conditions of (18). Having fulfillekdese
conditions ata = 0 and taking into account (20) weyyhere 7 =a_ij*’ A=Y Eq = E_
calculateC, = 0, C, = 0, Cs = 0. Under the conditions Eoo 1-v 1-v2
of (18) ata = L, taking into account that the functions (1—v)E

f.(a), fo(a) are set according to the formulas (17),E :( for the isotropic material,

: . , 1+v)1-2v)
we obtain a system of algebraic equations for

. z=z/h, -h<z<h.
calculating the constant, Cy4, Cs : ' . o
_ = 2 It should be noted that if =0 (compression is not
C3033+C4034 +Cs035 = 11, (comp

(21) included) we obtain the results that correspond to

C3053+Cy054+Cs0s5 = |2, Tymoshenko model [6]. The solutions of the problem
C3(23+ To3)*+ Ca(Gp4 + Tga)+ C5(Tps +Tgs) =13, for determining the stress state of transversaliropic
where shells for some cases of axially symmetric and

sustainable distribution of residual strains amespnted
in [3]. Let us provide and comment on the resutts f
this case of residual strains distributions (Big.

g =0;(L) 11 = —j (934(L ~7)f1(r)+ g36(L~7) 2 (r))dz,

b ed,(x z)= 50(1+’u—r? zj S(x+x%g),  (24)
l2= ‘I (95a(L=7)f1(r)+ gs6(L~7)f(7))dz, (20
>
0 where S(t): L is Heaviside functiony is the
b 1Lt<0
I3 = —I(gz4(L =71)f(7) + gog(L — 1) f5(7))dT - parameter which characterizes the change in theeval
0 of e according to the membrane thicknegs; is the
b width of the disturbed (defective) stress-straatest For
- J-(ge4(L = 1) f(7) + gge(L — 1) fo(7))dr. example, distribution (24) corresponds to the
0 longitudinal shrinkage of the annular zone (due to

Numerical realization of the algorithm for Structural changes, operating conditions, enviramtaie

computing integrals is performed by the Gauss ntethdnfluences, technological processes, etc.).
[6]. Having applied the solution of (19) and the A received solution to the problem helps to
conditions of (18) ata =0 the following formula is understgnd th? .Stre.ss. .state' of a finite-length pamed
obtained for determining flexture of a tube: on a given flmte !n|t!al Q|sturbeo! state (valuedan
residual strains distribution). This allows one to

) = - calculate the strength based on given operatindjiga
@) = 23(@) = Co033(@) * Cada(@) + CoGas(a) + and assess resource of a pipe, reinforced with ositep

g (22) bandage, compared to the conventional (standapd pi

+ _[(935(0 = 1) f1(7) + gzg(a —7) f2(7))dr, without defects, damages and structural changes.

0
where 0<sa<b is the half-width of the zone of
residual strains localization. The lengths of dzftan
shell at the area ob<a <L are determined by the
formula (22), but it is necessary to replace theeup
limit of integration byb in the integral. Similarly, we
determine other unknown quantities of the system of
equations (16). It should be noted that the schime
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VJIK 621.643.001.24
[o ouiHkn MmiLHOCTI cucTtemm TpybonpoBiA — KOMNO3UTHUIM BaHpax

1.c. IHInhanax, 20.B. Maxkcumyx, :B.B. Hlupoxkoe
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eyn. Kapnamcora, 15, m. Isano-@panxiecvk, 76019, Vrpaina

2 . . . . . . .
JIvsiecvruii Hayionanvhuil ynieepcumem im. lsana @panka,
eyn. Yuieepcumemcoka, 1, m. JIveie, 79000, Vrpaina

3 Vkpaincoka akademis Opykapemea;
eyn. I1io T'onockom, 19, m. Jlveis, 79000, Vkpaina

ITin wac moBroTpwBasiol eKCIUIyaTallii TPyOONpPOBOIIB BHACTIIOK BIUIMBY 3HAKO3MIHHMX HaBaHTaXeHb Ta
Jerpajanii ciy»k00BUX XapaKTEpPUCTHUK MaTepiany y TpyOaX BUHHMKAIOTh 3aJIMIIKOBI HANPYXEHH 1 Aedopmartii, mo
MOXYTb ITPU3BOJUTH JI0 BTpATH il Hecyuoi 3narHocTi. OQHUM 13 HAIIPSMKIB MiIBUIIECHHS KOHCTPYKTUBHOT MIIHOCTI
TpyOOIIPOBOAIB € 3MII[HEHHS Tida TpyOum OaHAaXyBaHHSAM, IIO 3yMOBJIIOE HEOOXIIHICTH PO3BUTKY METOJIB
pO3paxyHKy KOHCTPYKTHBHUX IapaMeTpiB CHUCTEMM TPYOONpOBig — OaHmax. Y craTTi HaBeleHa MaTeMaTHYHa
MOJIEJIb OI[IHKHM MIIIHOCTiI CHCTEMH TPYOONpPOBiJ — KOMIIO3UTHUI OaHIaX, SKa IPYHTYEThCS Ha yTOYHEHIH Teopil
TOHKMX OOOJIOHOK 13 ypaxyBaHHSM IOJATIMBOCTI MaTepiany OaHIaxka Ha 3CcyB Ta oOTHCHeHHs. OTpuMaHui
PO3B’SI30K J1a€ MOJIIMBICTh MOJEIIOBATH HAMPYKEHUH CTaH TPYyOONPOBOAY CKIHUYCHHO! MOBXKHWHH IS 3aJaHHUX
MOYaTKOBUX XapaKTEPUCTUK MaTepially TPyO 1 KOMITO3HUTY, & TAaKOXK €KCILTyaTalliiHUX HaBaHTa)KEHb 1 BIUIUBIB.

KittouoBi ciioBa: sanuwxosi oepopmayii, Komnosumuuii Oanoadic, HAnpPy’ceHUull Cmam, Hecyua 30amHicms.
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